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[57] ABSTRACT 

An antifuse may be fabricated as a part of an integrated 
circuit in a layer located above and insulated from the 
semiconductor substrate. The antifuse includes a loWer ?rst 
metal electrode, a ?rst antifuse dielectric layer, preferably 
silicon nitride, disposed on the loWer ?rst electrode and an 
antifuse layer, preferably amorphous silicon, disposed on the 
?rst dielectric layer. An inter-layer dielectric layer is dis 
posed on the antifuse layer and includes an antifuse via 
formed completely therethrough. A second antifuse dielec 
tric layer, preferably silicon nitride, is disposed over the 
amorphous silicon layer in the antifuse via, and an upper 
second metal electrode is disposed over the second dielectric 
layer in the antifuse via. 

38 Claims, 5 Drawing Sheets 
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ELECTRICALLY PROGRAMMABLE 
ANTIFUSE INCORPORATING DIELECTRIC 
AND AMORPHOUS SILICON INTERLAYERS 

RELATED APPLICATIONS 

This application is a continuation application of Ser. No. 
08/231,634 now US. Pat. No. 5,552,627, ?led on Apr. 22, 
1994, Which is a continuation-in-part of application Ser. No. 
08/004,912, ?led Jan. 19, 1993 now US. Pat. No. 5,411,917 
Which is a continuation of application Ser. No. 07/604,779, 
?led Oct. 26, 1990, now US. Pat. No. 5,181,096, Which is 
a continuation-in-part of application Ser. No. 07/508,306, 
?led Apr. 12, 1990, now US. Pat. No. 5,070,384. 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

This invention relates to integrated electronic circuit 
technology. More particularly, this invention relates to elec 
trically programmable antifuse elements and to methods for 
fabricating them. 

2. The Prior Art 

Integrated electronic circuits are usually fabricated With 
all internal connections set during the manufacturing pro 
cess. HoWever, because of high development costs and high 
manufacturing tooling costs of such circuits, it is advanta 
geous if such circuits can be con?gured or programmed by 
the user for a speci?c application. Such circuits are called 
programmable circuits and are programmed by either selec 
tively breaking or creating a series of programmable links. 
Programmable links are electrical interconnects Which are 
broken or created at selected electronic nodes in the circuit 
by the user after the integrated circuit device has been 
fabricated and packaged. Such programming is undertaken 
in order to activate or deactivate, respectively, the selected 
electronic nodes such that the PROM can be programmed to 
perform a desired function. 

Fusible links have been used extensively in PROM 
devices and are Well knoWn. A PROM device usually 
consists of an X-Y matrix or lattice of conductors or 
semiconductors. At each cross-over point of the lattice, a 
conducting link connects a transistor or other electronic 
node to the lattice netWork. The PROM is programmed by 
providing a high programming current to predesignated 
fusible links Which connect to selected nodes. Links are then 
bloWn out to create an open circuit. The combination of 
bloWn and unbloWn fusible links represents a digital bit 
pattern of ones and Zeros signifying data Which the user 
Wishes to store in the PROM. 

Fusible link PROM systems present certain disadvan 
tages. For example, relatively high programming voltages 
and high current levels are needed during programming to 
guarantee the complete bloWing out of the fusible links. 
Since the fusible link is usually conductive, excessive poWer 
dissipation may be necessary in order to bloW out the link 
and thus program the device. Also, the shape and siZe of the 
fusible links must be very precisely controlled so that the 
link Will function effectively as a conductor if it is not bloWn 
out. Conversely, the fusible link must be a completely open 
circuit if it is bloWn. Therefore, very critical photolitho 
graphic steps and controlled etched techniques are required 
during the manufacturing of fusible link PROMs. Such 
precise dimensional tolerances are dif?cult and expensive to 
attain. In addition, a large gap must be bloWn in the fusible 
link in order to prevent it from later closing by reason of the 
accumulation of conducting material near the bloWn gap. 
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2 
Accordingly, fusible link memory cells must be disadvan 
tageously large in order to accommodate the fusible link and 
an associated selection transistor Which develops the high 
current needed to bloW the link. Fusible links therefore take 
up an excessively large amount of valuable space on a 
semiconductor chip and have high manufacturing and mate 
rial costs. 

Another type of programmable link, called an antifuse 
link, has been developed for use in integrated circuit appli 
cations in order to overcome the foregoing disadvantages of 
fusible links. Instead of a programming mechanism for 
causing an open circuit as is the case With the fusible link, 
the programming mechanism for an antifuse creates a short 
circuit or relatively loW resistance link. Antifuse links con 
sist typically of tWo conductor and/or semiconductor ele 
ments having some kind of a dielectric or insulating material 
betWeen them. During programming, the dielectric at 
selected points betWeen the conductive elements is broken 
doWn by a current developed from a predetermined pro 
gramming voltage applied to the conductive elements of 
selected links to thereby electrically connect the conducting 
or semiconducting elements. 

Various materials have been suggested for both the con 
ducting elements and the dielectric or insulating layer. Some 
of these suggested dielectric materials require a relatively 
high current and voltage during programming and therefore 
demand complex manufacturing techniques. Such antifuse 
elements have loW reliability during programming because 
it is dif?cult to control the reproducability of the conductive 
state due to the nature of the crystalline microstructures of 
the dielectric layer. 

In addition, the programming process results in a link 
having a ?nite resistance on the order of several hundred to 
several thousand ohms. This characteristic of knoWn anti 
fuse elements renders them relatively unsuitable for use in 
high speed circuits. Such increased resistance results in high 
impedance and unacceptably high poWer consumption When 
several thousand circuits are sWitching simultaneously. 

Prior art antifuse devices are typically one of tWo major 
types depending upon the dielectric or insulating material 
Which comprises the interlayer disposed betWeen the tWo 
conductive elements. Dielectric antifuses typically employ 
silicon dioxide or a multilayer sandWich of silicon dioxide 
and silicon nitride. Antifuse elements employing a dielectric 
interlayer are disadvantageous because they require pro 
gramming voltages on the order of 16 to 20 volts in order to 
be programmed and still remain reliable at normal operating 
voltages of 5 volts. In order to program dielectric type 
antifuses so that they maintain reliable operation at 5 volts, 
the dielectric thickness must be on the order of 100 ang 
stroms. Such a thin interlayer has the disadvantage of 
producing a relatively high capacitance. This can severely 
limit device operating speed because numerous unbloWn 
antifuses on a single line act as capacitors linked in parallel. 
The sum of the individual capacitances of the unpro 
grammed antifuses therefore may be quite high and may 
drastically sloW doWn data signals. 

Another possible draWback of knoWn dielectric antifuses 
containing silicon dioxide or a multilayer sandWich of 
silicon dioxide and silicon nitride is that a high temperature 
loW pressure chemical vapor deposition (LPCVD) process 
must be used in order to deposit the thin oxide layer, or 
nitride layer With good uniformity and ?lm controllability. 
HoWever, the high temperature LPCVD process may have 
the disadvantage of inducing the formation of hillocks on the 
?rst metallic layer. The hillock formations may extend 
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through the 100 angstrom thin oxide and cause multiple 
short circuits betWeen the ?rst and second metallic layers, so 
it is advisable to avoid hillocks betWeen metal layers. 

The second type of prior art antifuse typically comprises 
an interlayer of amorphous silicon sandWiched betWeen ?rst 
and second layers of metal. The antifuses incorporating an 
amorphous silicon interlayer provide a thickness on the 
order of tWenty times greater for the same programming 
voltage as compared to the dielectric antifuses With the 100 
angstrom or less thin oxide or thin nitride layers. HoWever, 
amorphous silicon antifuses have the disadvantage of 
extremely high leakage currents. The high leakage current 
inherent in the use of amorphous silicon can create a serious 
problem in terms of the controllability of the programming 
voltage. High leakage current can also cause severe storage 
time degradation in MOS devices. Thus, prior art amorphous 
silicon antifuses have serious programmability problems. In 
addition, an amorphous silicon antifuse may be prone to 
crack propagation and continuity failure after long hours of 
operation. 

Planar structures have often been used to minimiZe step 
effects in contacts. Therefore, such planar structures have 
also been proposed as a method of reducing step thinning of 
the antifuse material layer in amorphous silicon antifuses. 
Due to process variations, this hoWever means that an 
uncertain amount of the amorphous silicon is etched When 
the cell opening is etched. This is not desirable if a sandWich 
of multiple materials is used to construct the antifuse as the 
over-etch of the antifuse via Will cause an uncertain thick 
ness of the top layer of the sandWich to be removed. The 
result is unacceptable variations in programming voltage 
due to process variation, and, in extreme cases, reliability 
problems. 

In order to overcome the foregoing disadvantages of prior 
art antifuses Wherein the interlayer consists exclusively 
either of a dielectric or an amorphous silicon material, it is 
an object of the present invention to provide an electrically 
programmable loW impedance antifuse Which may be pro 
grammed With programming voltages of 18 volts or less in 
order to maintain reliable loW impedance operation at stan 
dard MOS device operating voltage of 5 volts. 

It is yet a further object of the present invention to provide 
a antifuse element having a Well-controlled programming 
voltage Which Will provide an improved degree of unifor 
mity in the formation of the ohmic contact betWeen the 
conducting elements and Will advantageously require a 
loWer programming voltage. 

It is another object of the present invention to provide a 
plurality of electrically programmable antifuse elements 
With substantially reduced parasitic capacitance for use in a 
PROM device Which Will result in faster speed and greatly 
reduced poWer consumption When several thousand gates 
are sWitching simultaneously. 

It is yet another object of the present invention to provide 
an electrically programmable antifuse element Which sub 
stantially eliminates leakage currents, crack propagation and 
continuity failure inherent in a prior art amorphous silicon 
antifuse elements and thereby greatly improve the memory 
storage reliability and useful lifetime of a PROM device 
incorporating a plurality of antifuse elements. Other and 
further advantages of the present invention Will appear 
hereinafter. 

It is another object of the present invention to provide an 
electrically programmable antifuse element Which is char 
acteriZed by a planar structure that avoids shortcomings of 
other planar structure antifuses. 
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4 
It is another object of the present invention to provide an 

electrically programmable antifuse element Which is char 
acteriZed by a planar structure that is substantially immune 
to the deleterious effects caused by the formation of the 
antifuse via in the inter-layer dielectric layer. 

BRIEF DESCRIPTION OF THE INVENTION 

In order to overcome the above discussed disadvantages 
of knoWn antifuse elements, an electrically programmable 
loW impedance antifuse element is disclosed, a plurality of 
Which may be integrated on a semiconductor substrate. 

An antifuse according to the present invention may be 
fabricated as a part of an integrated circuit in a layer located 
above and insulated from the semiconductor substrate. As 
previously disclosed in prior application Ser. No. 07/604, 
779, ?led Oct. 26, 1990, now US. Pat. No. 5,181,096, 
antifuse includes a loWer ?rst electrode, a ?rst dielectric 
layer disposed over the loWer ?rst electrode, a layer of 
amorphous silicon disposed above the ?rst dielectric layer, 
a second dielectric layer disposed above the amorphous 
silicon layer, and an upper second electrode disposed above 
the second dielectric layer. The layer of silicon nitride is 
used to prevent chemical interaction betWeen the metal 
conductor and the amorphous silicon. In addition, When the 
structure of the present invention is programmed, the current 
How is con?ned to a small hole in the silicon nitride thereby 
forming a more reliable conducting link or ?lament. 

To avoid the aforementioned draWbacks of a planar 
structure, the loWer layer of silicon nitride and the amor 
phous silicon layer are formed on the upper surface of the 
loWer electrode. The inter-metal dielectric layer is then 
formed and an antifuse via (sometimes referred to as a 
contact hole or via) is de?ned by a photomask and then 
formed using an etching process. The second dielectric layer 
comprising the ?nal layer of the antifuse material, also 
preferably comprising a generic silicon nitride, is deposited 
in the via. This layer is preferably thin, i.e., betWeen about 
25 to about 300 angstroms. The upper antifuse electrode is 
then formed over the upper dielectric layer. 

Because the upper dielectric layer is formed in the anti 
fuse via after the via is formed, it is not attacked by the 
etching step Which Was used to form the via. Also, since the 
silicon nitride layer is thin, and therefore deposited at a sloW 
rate, the thinning is much less than With thicker ?lms. This 
thus results in superior antifuse for small geometries. 
Additionally, the thinning at the corner Will actually occur at 
the point of etch into the silicon and Will therefore break at 
the corner aWay from the oxide. 

According to an alternate embodiment of the present 
invention, a layer of Ti may be interposed betWeen the layers 
comprising the antifuse layer and each of the electrodes. The 
Ti layer acts to enhance the reliability of the antifuse and 
prevent the phenomenon knoWn as “switching” Wherein a 
previously programmed antifuse reverts back to its unpro 
grammmed open state after time has elapsed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW of the structure of an 
antifuse element according to a presently preferred embodi 
ment of the invention. 

FIGS. 2a—2e are cross-sectional vieWs of the antifuse 
element of FIG. 1, shoWn after completion of selected 
processing steps used to form the antifuse structure. 

FIG. 3 is a cross-sectional vieW of the structure of an 
antifuse element according to an alternate embodiment of 
the invention incorporating a Ti reliability enhancing layer. 
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FIGS. 4a—4e are cross-sectional views of the antifuse 
element of FIG. 3, shown after completion of selected 
processing steps used to form the antifuse structure. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Those of ordinary skill in the art Will realiZe that the 
following description of the present invention is illustrative 
only and not in any Way limiting. Other embodiments of the 
invention Will readily suggest themselves to such skilled 
persons. 

The present invention is particularly useful for providing 
an antifuse structure for connecting together conductors 
disposed in adjacent metal layers of an integrated circuit. 
The particular illustrative embodiment of the antifuse ele 
ment disclosed herein is shoWn formed betWeen tWo metal 
interconnect layers in a multiple-layer metal CMOS process, 
Wherein a portion of the loWer metal layer comprises the 
loWer antifuse electrode and a portion of the upper metal 
layer comprises the upper antifuse electrode. From the 
teachings herein, those of ordinary skill in the art Will 
recogniZe that the antifuse of the present invention could be 
formed betWeen any tWo adjacent metal layers in a semi 
conductor or other microcircuit structure. As non-exhaustive 
examples, the antifuse of the present invention could be 
formed betWeen the ?rst and second metal interconnect 
layers of a double-metal integrated structure or betWeen the 
?rst and second, second and third, or ?rst and third metal 
interconnect layers of a triple-metal integrated structure. In 
addition, the antifuse structure of the present invention may 
be fabricated With its loWer electrode, its upper electrode, or 
both its loWer and upper electrodes formed from polysilicon 
or polycide. 

Referring ?rst to FIG. 1, a preferred embodiment of the 
present invention is an antifuse 10 shoWn fabricated on a 
semiconductor substrate 12. Those of ordinary skill in the art 
Will readily recogniZe that substrate 12 may in fact be a Well 
region of one conductivity type fabricated in a semiconduc 
tor substrate of opposite conductivity type as is common in 
a CMOS process. Such skilled persons Will also recogniZe 
that substrate 12 could also be formed from a material other 
than a semiconductor, i.e., an insulating material. 

Disposed above substrate 12 is a layer 14, Which those of 
ordinary skill in the art Will recogniZe to comprise all the 
thin ?lm layers above the substrate necessary for the fabri 
cation of the integrated circuit. As is common in CMOS 
processes, a BPSG or other passivation layer Will be the 
topmost ?lm in layer 14. Layer 14 may be unnecessary in 
some instances Where substrate 12 is formed from an 
insulating material. 

The ?rst, or loWer, electrode 16 of the antifuse 10 of the 
present invention is disposed on the upper surface of layer 
14 and is formed using conventional thin ?lm processing 
techniques. According to a presently preferred embodiment 
of the invention, loWer electrode 16 may comprise a portion 
of a metal interconnect layer used in the microcircuit con 
taining the antifuses of the present invention. 
Where necessary as described beloW, loWer electrode 16 

of the antifuse 10 may comprise a composite layer including 
a ?rst adhesion-promoting layer 18 such as Ti, Cr and TiW, 
having a thickness of about 100 angstroms, covered by a 
metal layer 20. Those of ordinary skill in the art Will 
recogniZe that adhesion-promoting layer 18 may not be 
necessary, depending on the particular materials used for 
metal layer 20, for eXample, if metal layer 20 is formed from 
TiN, an adhesion-promoting layer 18 Would not be required. 
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Metal layer 20 may comprise metals such as aluminum, a 

refractory metal such as tungsten, molybdenum, platinum, 
titanium, titanium nitride, tantalum or silicides of those 
metals. Titanium and titanium nitride are presently pre 
ferred. Alternatively, and as previously noted, hoWever, the 
loWer electrode 16 of the antifuse 10 of the present invention 
may be formed from polysilicon, preferably doped With 
arsenic. 

Metal layer 20 may have a thickness in the range of 
betWeen about 1,000 angstroms and 10,000 angstroms, 
preferably from about 4,000 angstroms to 6,000 angstroms. 
One purpose of using an arsenic-polysilicon layer as loWer 
electrode layer 16 is to reduce the resistance of the antifuse 
if desired, as taught in Us. Pat. No. 4,823,201 to Mohsen, 
et al. and Us. Pat. No. 4,899,205, both assigned to the same 
assignee as the present invention, and both of Which are 
expressly incorporated herein by reference. The arsenic 
dopant concentration of such a polysilicon antifuse electrode 
should be someWhere on the order of 1020 atoms/cm3. 

If the ?rst and second antifuse electrodes are made of 
materials such as tungsten, an adhesion-promoting layer 18 
may be employed. As is Well knoWn by those of ordinary 
skill in the art, tungsten does not adhere Well to oXides such 
as SiO2, PSG, and BPSG, from Which layer 14 may be 
formed. Thus, adhesion-promoting layer 18, formed from 
materials such as Ti, TiW or Cr, about 100 angstroms thick, 
should be deposited betWeen the tungsten and any of such 
oXide layers as is Well knoWn in the art. As presently 
preferred, the loWer electrode 16 comprises a layer of Ti or 
TiN. 
A ?rst dielectric layer 22 is disposed over the surface of 

loWer electrode 16. In a presently preferred embodiment, 
?rst dielectric layer 22 is a layer of a generic silicon nitride 
sixNyzH, produced by a CVD method such as PECVD or 
LPCVD. In a presently preferred embodiment, ?rst dielec 
tric layer 22 may have a thickness in the range of from 
betWeen about 50 to 300 angstroms. 

Those of ordinary skill in the art Will recogniZe that other 
dielectric materials, such as Si3N4, SiO2, silicon oXynitride 
and suboXide of silicon (SiOx) and other dielectric materials 
compatible With semiconductor processing techniques may 
be used for ?rst dielectric layer 22, and depending on the 
material chosen for conductive layer 20, an adhesion 
promoting layer may be utiliZed if necessary. 
An antifuse layer 24 of doped or undoped silicon ?lm, 

preferably produced by knoWn CVD or sputtering 
techniques, is disposed over the ?rst dielectric layer 22. In 
a presently preferred embodiment, this antifuse layer may be 
formed of hydrogenated amorphous silicon (a—Si:H), 
amorphous silicon (a—Si), or polycrystalline silicon, and 
may have a thickness in the range of about betWeen 1,000 to 
5,000 angstroms. If desired, antifuse layer 24 may be lightly 
doped With boron, phosphorus or arsenic to a level, for 
eXample, of about 1><1014 atoms/cm3 for the purpose of 
stabiliZing the microstructure of the amorphous silicon. 
As shoWn in FIG. 1, the composite loWer electrode 16, 

?rst dielectric layer 22 and antifuse layer 24 are preferably 
de?ned in a single etching step using conventional semi 
conductor processing techniques to provide both metal or 
other interconnects and loWer electrodes for a plurality of 
antifuses according to the present invention. 
An inter-layer dielectric layer 26 is disposed over the 

composite structure of layers 16, 22, and 24, and an antifuse 
via 28 is formed therein. Those of ordinary skill in the art 
Will note that antifuse layer 24 is someWhat thinned in the 
region of the antifuse via (shoWn at reference numeral 30) 
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due to the necessary over-etch Which occurs during the 
formation of the antifuse via 28. 

A second dielectric layer 32, similar to ?rst dielectric 
layer 22, is disposed in antifuse via 28 on the surface of 
antifuse layer 24. Second dielectric layer 32 may be formed 
using a CVD method such as PECVD or LPCVD. The 
materials used for second dielectric layer 32 may be any of 
the materials from Which ?rst dielectric layer 22 is formed. 
First and second dielectric layers 22 and 32 need not be 
made of the same material. 

Finally, second, or upper, electrode 34 is disposed in 
antifuse via 28 over upper dielectric layer 32. Second 
electrode 34 may be formed using conventional thin ?lm 
deposition techniques. Like loWer electrode 16, upper elec 
trode 34 may be a composite of an adhesion-promoting layer 
(if necessary as described above), such as Ti and TiW, 
having a thickness of about 100 angstroms, and a metal layer 
as used for the ?rst electrode, having a thickness in the range 
of from about 1,000 angstroms to 10,000 angstroms. As 
presently preferred, the upper electrode 34 also comprises a 
layer of Ti or TiN. Alternately, as noted, a polysilicon upper 
electrode may be utiliZed. 

The employment of the composite interlayer comprising 
?rst and second dielectric layers 22 and 32 and antifuse layer 
24 as disclosed herein has the advantage of substantially 
eliminating parasitic capacitances and leakage currents 
Which are so common in prior art antifuse elements. The 
parasitic capacitance may be substantially eliminated 
because of the increased spacing betWeen the loWer and 
upper electrodes 16 and 34 afforded by the composite 
dielectric and amorphous silicon interlayer. 

It Will be appreciated that antifuse layer 24 in combination 
With adjacent ?rst and second dielectric layers 22 and 32 
also has the advantage of substantially eliminating defect 
densities such as crack propagation, continuity failure, and 
other structural defects Which cause leakage currents since 
such defects Would have to appear simultaneously at the 
same point in both the ?rst and second dielectric layers 22 
and 32 and antifuse layer 24, a highly unlikely event. Thus, 
the novel combination of ?rst and second dielectric layers 22 
and 32 and antifuse layer 24 interposed betWeen them 
provides greatly enhanced antifuse reliability than is pos 
sible With most antifuse structures. 

The antifuse structure of the present invention presents 
several advantages over conventional planar antifuse struc 
tures in Which layers 22, 24, and 32 are formed and de?ned 
prior to formation of antifuse via 28. First, the relatively thin 
second dielectric layer 32 is not subject to the over-etch in 
the step Which forms the antifuse via 28 since it does not yet 
eXist at the time antifuse via 28 is formed. Second, since this 
layer is thin, i.e., 100 angstroms, it may therefore be 
deposited at a sloWer rate, resulting in less thinning at the 
corners in the bottom of the antifuse via 28. 

Finally, because the over-etch of antifuse via 28 has 
removed some of the antifuse layer 24, the thinning of the 
second dielectric layer 32 at the corners of the bottom of 
antifuse via 28 Will actually occur at the point of etch in the 
antifuse layer 24 and not at the boundary of second dielectric 
layer 32 and the inter-layer dielectric layer 26. Because 
inter-layer dielectric layer 26 is typically an oXide, the fact 
that the thinned corners of second dielectric layer 32 (the 
probable site for programming to take place because of the 
thinned region) are adjacent to silicon rather than oxide, 
reduces the risk of incorporating oXide material into the 
antifuse conductive link or ?lament Which Will form the 
connection betWeen the loWer and upper electrodes 16 and 
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34. This reduced risk of incorporation of oXide into the 
?lament material of the programmed antifuse increases the 
reliability of the programmed structure. 

In addition, the antifuse breakdoWn voltage of the antifuse 
of the present invention may be better controlled because the 
presence of the nitride layer is a barrier to the transport of the 
material from the metal electrode into the amorphous silicon 
antifuse layer. 

Finally, the value of the programming voltage as a func 
tion of polarity can be adjusted by changing the thickness of 
the bottom and top nitride layers 22 and 32. For eXample, by 
thinning the top nitride layer 30 to 50 angstroms and 
thickening the bottom nitride layer 20 to 200 angstroms, the 
programming voltage Will be loWered if the positive poten 
tial is applied to the loWer electrode 16, relative to the 
programming voltage Where the positive potential is applied 
to the upper electrode 34. 

Referring noW to FIGS. 2a—2e, cross sectional vieWs 
depicting the formation of the antifuse structure of FIG. 1 
are presented, shoWing the structure resulting after selected 
ones of the processing steps used to fabricate the antifuse 10 
of the present invention. 

Referring noW to FIG. 2a, substrate 12 covered by layer 
14 is shoWn after formation of adhesion promoting layer 18. 
For eXample, an adhesion-promoting layer 18 formed from 
materials such as Ti, TiW, TiN, or Cr, about 100 angstroms 
thick, should be deposited before a tungsten loWer electrode 
is formed. Those of ordinary skill in the art Will readily 
perceive the composition of such a layer to promote adhe 
sion of other materials from Which the loWer electrode Will 
be formed. FIG. 2a shoWs the structure resulting after the 
formation of the adhesion-promoting layer 18. 

Referring noW to FIG. 2b, the metal layer 20, Which, 
together With adhesion-promoting layer 18 if needed, com 
prises loWer electrode 16, has been formed to a thickness of 
betWeen about 1,000 and about 10,000 angstroms using 
conventional metal processing technology. 

First dielectric layer 22, preferably comprising a layer of 
a generic silicon nitride SixNyzH, has been formed to a 
thickness of betWeen about 50 and about 300 angstroms 
using a CVD method such as PECVD or LPCVD. As Will be 
appreciated by those of ordinary skill in the art, silicon 
nitride may also be deposited using an NF3 atmosphere in 
the reactor instead of NH4, resulting in a material Which is 
de?ned as SixNyzF instead of SixNyzH. This ?uorinated 
nitride material has a loWer leakage than a similar nitride 
material produced in an ammonia atmosphere. 

Antifuse layer 24 of doped or undoped silicon ?lm, 
preferably formed by knoWn CVD or sputtering techniques, 
is neXt formed over the ?rst dielectric layer 22. In a presently 
preferred embodiment, this antifuse layer 24 may be formed 
of hydrogenated amorphous silicon (a—Si:H), amorphous 
silicon (a—Si), ?uorinated amorphous silicon (a—SizF) or 
polycrystalline silicon, and may have a thickness in the 
range of from about 300 to about 5,000 angstroms. As 
previously noted, antifuse layer 24 may be lightly doped 
With boron, phosphorus or arsenic to a level, for eXample, of 
about 1><1014 atoms/cm3 for the purpose of stabiliZing the 
microstructure of the amorphous silicon. 
A ?rst photoresist layer 36 is placed over the composite 

structure of layers 18, 20, 22, and 24 and is eXposed and 
developed using conventional photolithography techniques. 
The composite structure of layers 18, 20, 22, and 24 is then 
etched to de?ne the loWer portion of the antifuse structure, 
preferably using a plasma etching technique With ?rst pho 
toresist layer 36 as a mask. FIG. 2c shoWs the structure 
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resulting from the etching step used to de?ne the composite 
structure of layers 18, 20, 22, and 24 prior to removal of ?rst 
photoresist layer 36. 

Referring noW to FIG. 2a', the ?rst photoresist layer 36 is 
removed using conventional techniques, and an inter-layer 
dielectric layer 26 is formed over the composite structure of 
layers 18, 20, 22, and 24. Inter-layer dielectric 26 is typically 
formed from PECVD silicon dioxide. A second photoresist 
layer 38 to de?ne the antifuse via is placed over the surface 
of inter-layer dielectric layer 26 and is exposed and devel 
oped using conventional photolithography techniques. The 
inter-layer dielectric layer 26 is then etched using second 
photoresist layer 38 as a mask to de?ne antifuse via 28. This 
etching step may be performed using a plasma etching 
technique to alloW formation of a small geometry antifuse 
via 28. FIG. 2a' shoWs the structure resulting from the 
antifuse via 28 etching step prior to removal of second 
photoresist layer 38. Those of ordinary skill in the art Will 
notice the thinned region 30 of antifuse layer 24 at the 
bottom of antifuse via 28 as a result of the over-etch to 
assure complete formation of antifuse via 28. For an amor 
phous silicon antifuse layer 24 having a thickness of 300 to 
1,000 angstroms and an inter-layer dielectric layer 26 having 
a thickness of 0.2 to 1.5 microns, the amount of thinning of 
antifuse layer 24 should be about 100 angstroms in a typical 
etch of a 0.6 micron siZed antifuse via 28. 

Referring noW to FIG. 26, second photoresist layer 38 is 
removed and a second dielectric layer 32 is formed. This 
layer is preferably, but need not be, formed from the same 
material as ?rst dielectric layer 22 using the same materials 
processing techniques. From an examination of FIG. 26, 
those of ordinary skill in the art Will recognize that the 
“corner” of second dielectric layer 32 is disposed in the 
thinned region 30 of antifuse layer 24. This structure is 
advantageous because experimental evidence has shoWn 
that an antifuse having the type of structure Wherein an 
antifuse material layer is disposed in a via is likely to 
program at the edges or corners of the via Where the step 
coverage of the antifuse material results in a thinned region 
of material. The corners of the dielectric layer 32 lie adjacent 
to silicon material of the antifuse layer 24 and not the 
inter-layer dielectric layer 26. Because of this structure, the 
antifuse conductive link or ?lament formed during program 
ming of the antifuse is far less likely to contain silicon 
dioxide material from the inter-layer dielectric layer 26. 

According to the present invention, it is presently pre 
ferred to perform the deposition of a—Si:H, a—SizF, 
SixNyzH, and SixNyzF at a temperature of about 380° C. 
although it is believed that the temperature may range from 
about 200°—450° C. It is also presently preferred that the 
hydrogen content of the a—Si:H be about 10%, although it 
is presently believed that ranges from about 5—40% Will 
result in a functional antifuse. In addition, the composition 
of SixNyzH is preferably one in Which x=3 and y=4, although 
silicon rich compositions are believed to be satisfactory. The 
composition of SixNyzF is preferably one in Which x=3 and 
y=4, although silicon rich compositions are believed to be 
satisfactory. The preferred ?uorine content of the SixNyzF is 
about 10%, although it is presently believed that ranges from 
about 2—20% Will result in a functional antifuse. 

The antifuse 10 of the present invention is programmed 
by applying a voltage betWeen the loWer and upper elec 
trodes 16 and 34. The magnitude of the programming 
voltage necessary to program the antifuse 10 of the present 
invention depends on several factors including the thick 
nesses of layers 22, 24, and 32, the hydrogen content of these 
layers, as Well as Si to N ratios of ?rst and second dielectric 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
layers 22 and 32. For example, an antifuse 10 having 150 
angstroms of PECVD silicon nitride for ?rst and second 
dielectric layers 22 and 32 and 2,000 angstroms of amor 
phous silicon for antifuse layer 24, all deposited at 380° C., 
Will need about 12 volts to program it. 

Referring noW to FIG. 3, a cross-sectional vieW is shoWn 
of an alternate embodiment of the invention employing Ti 
reliability enhancing layers. According to this embodiment 
of the invention, a layer of Ti may be interposed betWeen the 
layers comprising the composite inter layer and each of the 
electrodes. The Ti layer acts to enhance the reliability of the 
antifuse and prevent the phenomenon knoWn as “sWitching” 
Wherein a previously programmed antifuse reverts back to 
its unprogrammmed open state after time has elapsed. 
When a metal-to-metal antifuse is programmed, a con 

ductive link forms betWeen the bottom electrode (metal) and 
the top electrode (metal). This link, in general, is an alloy 
consisting of the constituent elements of the bottom 
electrode, the antifuse material, and the top electrode. For 
example, if the bottom and top electrodes Were formed from 
TiW and the antifuse material Was amorphous silicon, the 
link is then an alloy of Ti, W, and Si. The thermal, electrical, 
and thermodynamic properties of the link depend on com 
position (percentages of the components) of the alloy. 
A conductive link consisting of an alloy Which is rich in 

Ti appears to result in an antifuse Which is relatively immune 
from sWitching. Therefore, in antifuses Which do not employ 
Ti loWer and upper electrodes, a “reliability enhancing 
layer” of Ti may be employed to provide a source of Ti 
atoms for the link in the vicinity of the antifuse material 
layer. This layer is best located betWeen the loWer and upper 
electrodes and the antifuse layer. 

Antifuse 40 of FIG. 3 is substantially similar to antifuse 
10 of FIG. 1 and the same reference numerals Will be used 
to identify corresponding structures in both FIGS. 1 and 3. 
As Will be appreciated by those of ordinary skill in the art, 
the materials used for the various layers of antifuse 40 may 
be the same materials used in the antifuse 10 of FIG. 1 and 
may have the same thicknesses. 

Thus, antifuse 40 is shoWn fabricated on a semiconductor 
substrate 12. A layer 14, Which those of ordinary skill in the 
art Will recogniZe to comprise all the thin ?lm layers above 
the substrate necessary for the fabrication of the integrated 
circuit, is disposed above substrate 12. The ?rst, or loWer, 
electrode 16 of the antifuse 40 is disposed on the upper 
surface of layer 14. LoWer electrode 16 may comprise a 
portion of a metal interconnect layer used in the microcircuit 
containing the antifuses of the present invention. 
LoWer electrode 16 of the antifuse element 40 may 

comprise a composite layer including a ?rst adhesion 
promoting layer 18 covered by a metal layer 20. Those of 
ordinary skill in the art Will recogniZe that adhesion 
promoting layer 18 may not be necessary, depending on the 
particular materials used for metal layer 20. As presently 
preferred, the loWer electrode 16 comprises a layer of Ti or 
TiN. 

Unlike the antifuse of FIG. 1, Where the ?rst dielectric 
layer 22 is disposed over the surface of loWer electrode 16, 
the antifuse of FIG. 3 employs a loWer Ti reliability 
enhancing layer 42 over the surface of loWer electrode 16, 
Which, in the embodiment of FIG. 3, comprises a material 
other than Ti. Ti reliability-enhancing layer 42 may be 
formed using conventional processing techniques, to a thick 
ness preferably betWeen about 50 to 4,000 angstroms, a 
thickness of about 1,000 angstroms being presently pre 
ferred. An antifuse layer 24 of doped or undoped silicon 
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?lm, preferably produced by known CVD or sputtering 
techniques, is disposed over the ?rst dielectric layer 22. 
As shown in FIG. 3, the composite loWer electrode 16, Ti 

reliability enhancing layer 42, ?rst dielectric layer 22 and 
antifuse layer 24 are preferably de?ned in a single etching 
step using conventional semiconductor processing tech 
niques to provide both metal or other interconnects and 
loWer electrodes for a plurality of antifuses according to the 
present invention. 
An inter-layer dielectric layer 26 is disposed over the 

composite structure of layers 16, 42, 22, and 24, and an 
antifuse via 28 is formed therein. As in the antifuse 10 of 
FIG. 1, antifuse layer 24 is someWhat thinned in the region 
30 of the antifuse via 28 (shoWn at reference numeral 30) 
due to the necessary over-etch Which occurs during the 
formation of the antifuse via 28. 
A second dielectric layer 32, similar to ?rst dielectric 

layer 22, is disposed in antifuse via 28 on the surface of 
antifuse layer 24. First and second dielectric layers 22 and 
32 may be but need not be made of the same material. 
An upper Ti reliability-enhancing layer 44 is disposed 

over the second dielectric layer 32. Upper Ti reliability 
enhancing layer 44 may be formed using conventional 
processing techniques, to a thickness preferably betWeen 
about 50 to 4,000 angstroms, a thickness of about 1,000 
angstroms being presently preferred. Finally, second, or 
upper, electrode 34 is disposed in antifuse via 28 over 
second dielectric layer 32. Like loWer electrode 16, upper 
electrode 34 may be a composite of an adhesion-promoting 
layer and a metal layer as used for the loWer electrode 16. 

Referring noW to FIGS. 4a—4e, cross sectional vieWs 
depicting the formation of the antifuse structure of FIG. 3 
are presented, shoWing the structure resulting after selected 
ones of the processing steps used to fabricate the antifuse of 
the present invention. The details of the steps used to form 
the layers in antifuse 40 Which correspond to layers in 
antifuse 10 of FIG. 1 are disclosed in the text describing 
FIGS. 2a—2e and Will not be repeated here. 

Referring noW to FIG. 4a, substrate 12 covered by layer 
14 is shoWn after formation of adhesion-promoting layer 18. 
FIG. 4a shoWs the structure resulting after the formation of 
the adhesion-promoting layer 18. 

Referring noW to FIG. 4b, the metal layer 20, Which, 
together With adhesion-promoting layer 18 if needed, com 
prises loWer electrode 16, has been formed using conven 
tional metal processing technology. LoWer Ti reliability 
enhancing layer 42 is next formed over the surface of metal 
layer 20, to a thickness of betWeen about 50 to 4,000 
angstroms, preferably 1,000 angstroms using sputtering 
techniques. If metal layer 20 is formed from a material, such 
as aluminum, Which interdiffuses With the Ti reliability 
enhancing layer 42, a barrier layer such as TiN Would be 
deposited betWeen metal and Ti reliability-enhancing layers 
20 and 42. A typical thickness for such a barrier layer Would 
be about 2,000 angstroms, although such a layer could have 
thicknesses in the range of from about 500 angstroms to 
about 5,000 angstroms. 

First dielectric layer 22 is next formed to a thickness of 
betWeen about 50 and about 300 angstroms, and antifuse 
layer 24 of doped or undoped silicon ?lm is next formed 
over the ?rst dielectric layer 22. FIG. 4b shoWs the structure 
resulting after the formation of antifuse layer 24. 

Referring noW to FIG. 4c, a ?rst photoresist layer 36 is 
placed over the composite structure of layers 18, 20, 42, 22, 
and 24 and is exposed and developed using conventional 
photolithography techniques. The composite structure of 
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layers 18, 20, 42, 22, and 24 is then etched to de?ne the 
loWer portion of the antifuse structure, preferably using a 
plasma etching technique With ?rst photoresist layer 36 as a 
mask. FIG. 4c shoWs the structure resulting from the etching 
step used to de?ne the composite structure of layers 18, 20, 
42, 22, and 24 prior to removal of ?rst photoresist layer 36. 

Referring noW to FIG. 4d, the ?rst photoresist layer 36 is 
removed using conventional techniques, and an inter-layer 
dielectric layer 26 is formed over the composite structure of 
layers 18, 20, 42, 22, and 24. Inter-layer dielectric 26 is 
typically formed from PECVD silicon dioxide. A second 
photoresist layer 38 to de?ne the antifuse via 28 is placed 
over the surface of inter-layer dielectric layer 26 and is 
exposed and developed using conventional photolithogra 
phy techniques. The inter-layer dielectric layer 26 is then 
etched using second photoresist layer 38 as a mask to de?ne 
antifuse via 28. This etching step may be performed using a 
plasma etching technique to alloW formation of a small 
geometry antifuse via 28. FIG. 4a' shoWs the structure 
resulting from the antifuse via 28 etching step prior to 
removal of second photoresist layer 38. Those of ordinary 
skill in the art Will notice the thinned region 30 of antifuse 
layer 24 at the bottom of antifuse via 28 as a result of the 
over-etch to assure complete formation of antifuse via 28. 
For an amorphous silicon antifuse layer 24 having a thick 
ness of 300 to 1,000 angstroms and an inter-layer dielectric 
layer 26 having a thickness of 0.2 to 1.5 microns, the amount 
of thinning of antifuse layer 24 should be about 100 ang 
stroms in a typical etch of a 0.6 micron siZed antifuse via 28. 

Referring noW to FIG. 46, second photoresist layer 38 is 
removed and a second dielectric layer 32 is formed. This 
layer is preferably, but need not be, formed from the same 
material as ?rst dielectric layer 22 using the same materials 
processing techniques. From an examination of FIG. 46, 
those of ordinary skill in the art Will recogniZe that, as in the 
fabrication of antifuse 10 of FIG. 1, the “corner” of second 
antifuse dielectric layer 32 in 40 is disposed in the thinned 
region 30 of antifuse layer 24. As previously noted, this 
structure is advantageous because the antifuse conductive 
link or ?lament formed during programming of the is far less 
likely to contain silicon dioxide material from the inter-layer 
dielectric layer 26. 

Next, upper Ti reliability enhancing layer 44 is formed 
over the surface of second dielectric layer 32 to a thickness 
of betWeen about 50 to 4,000 angstroms, preferably 1,000 
angstroms using sputtering techniques. FIG. 46 shoWs the 
structure resulting after formation of upper Ti reliability 
enhancing layer 44. The upper electrode Will be formed next 
to complete the structure shoWn in FIG. 3. As With loWer Ti 
reliability-enhancing layer 42, a barrier layer may be 
employed if the upper electrode is formed from a material 
Which interdiffuses With Ti. 

The antifuses of the present invention may be pro 
grammed by applying a voltage betWeen the ?rst and second 
electrodes. The magnitude of the programming voltage 
necessary to program the antifuse of the present invention 
depends on several factors including the thicknesses of 
layers 22, 24, and 32, the hydrogen content of these layers, 
as Well as Si to N ratios of ?rst and second dielectric layers 
22 and 32. For example, an antifuse having 150 angstroms 
of PECVD silicon nitride for ?rst and second dielectric 
layers 22 and 32 and 2,000 angstroms of amorphous silicon 
for antifuse layer 24, all deposited at 380° C., Will need 
about 12 volts to program it. 

While embodiments and applications of this invention 
have been shoWn and described, it Would be apparent to 
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those skilled in the art that many more modi?cations than 
mentioned above are possible Without departing from the 
inventive concepts herein. The invention, therefore, is not to 
be restricted eXcept in the spirit of the appended claims. 
What is claimed is: 
1. An electrically programmable antifuse element dis 

posed on a semiconductor substrate in an integrated circuit 
comprising: 

an insulating layer covering active circuit elements on 
said integrated circuit; 

a ?rst metal electrode; 
a ?rst dielectric layer disposed on said ?rst electrode; 
an antifuse layer disposed on said ?rst dielectric layer; 
an inter-layer dielectric layer disposed on said antifuse 

layer, said inter-layer dielectric layer including an anti 
fuse via disposed therein and extending completely 
therethrough; 

a second dielectric layer disposed on said antifuse layer in 
said antifuse via; and 

a second metal electrode disposed on said second dielec 
tric layer. 

2. The electrically programmable antifuse element of 
claim 1 Wherein said ?rst metal electrode includes an 
adhesion-promoting layer in contact With said insulating 
layer. 

3. The electrically programmable antifuse element of 
claim 1 Wherein said ?rst electrode is formed from a material 
selected from the group comprising Al, AlSiCu, Ti, TiW, 
TiN, and W. 

4. The electrically programmable antifuse element of 
claim 1 Wherein said second electrode is formed from a 
material selected from the group of Al, AlSiCu, Ti, TiW, 
TiN, and W. 

5. The electrically programmable antifuse element of 
claim 1 Wherein said antifuse layer is formed from a 
hydrogenated amorphous silicon ?lm. 

6. The electrically programmable antifuse element of 
claim 1 Wherein said antifuse layer is formed from an 
amorphous silicon ?lm. 

7. The electrically programmable antifuse element of 
claim 1 Wherein said antifuse layer is formed from a 
polycrystalline silicon ?lm. 

8. The electrically programmable antifuse element of 
claim 1 Wherein said antifuse layer is formed from a 
?uorinated amorphous silicon ?lm. 

9. The electrically programmable antifuse element of 
claim 5 Wherein said antifuse layer is doped. 

10. The electrically programmable antifuse element of 
claim 6 Wherein said antifuse layer is doped. 

11. The electrically programmable antifuse element of 
claim 7 Wherein said antifuse layer is doped. 

12. The electrically programmable antifuse element of 
claim 5 Wherein said hydrogenated amorphous silicon layer 
has a thickness of from about 300 angstroms to 5,000 
angstroms. 

13. The electrically programmable antifuse element of 
claim 6 Wherein said amorphous silicon layer has a thickness 
of from about 300 angstroms to 5,000 angstroms. 

14. The electrically programmable antifuse element of 
claim 7 Wherein said polycrystalline silicon layer has a 
thickness of from about 300 angstroms to 5,000 angstroms. 

15. The electrically programmable antifuse element of 
claim 5 Wherein the hydrogen content of said hydrogenated 
amorphous silicon layer is in the range of from about 
5—40%. 

16. The electrically programmable antifuse element of 
claim 5 Wherein the hydrogen content of said hydrogenated 
amorphous silicon layer is about 10%. 
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17. The electrically programmable antifuse element of 

claim 2 Wherein said adhesion-promoting layer is formed 
from a material selected from the group containing Ti, TiN, 
and TiW. 

18. The electrically programmable antifuse element of 
claim 1 Wherein said second dielectric layer is thicker than 
said ?rst dielectric layer. 

19. The electrically programmable antifuse element of 
claim 1 Wherein said second dielectric layer is thinner than 
said ?rst dielectric layer. 

20. An electrically programmable antifuse element dis 
posed on a semiconductor substrate in an integrated circuit 
comprising: 

an insulating layer covering active circuit elements on 
said integrated circuit; 

a ?rst metal electrode; 
a ?rst titanium layer disposed on said ?rst metal electrode; 
a ?rst dielectric layer disposed on said ?rst electrode; 
an antifuse layer disposed on said ?rst dielectric layer; 
an inter-layer dielectric layer disposed on said antifuse 

layer, said interlayer dielectric layer including an anti 
fuse via disposed therein and extending completely 
therethrough; 

a second dielectric layer disposed on said antifuse layer in 
said antifuse via; 

a second titanium layer disposed on said second dielectric 
layer; and 

a second metal electrode disposed on said second titanium 
layer. 

21. The electrically programmable antifuse element of 
claim 20 wherein said ?rst metal electrode includes an 
adhesion-promoting layer in contact With said insulating 
layer. 

22. The electrically programmable antifuse element of 
claim 20 Wherein said ?rst electrode is formed from a 
material selected from the group comprising Al, AlSiCu, Ti, 
TiW, TiN, and W. 

23. The electrically programmable antifuse element of 
claim 20 Wherein said second electrode is formed from a 
material selected from the group of Al, AlSiCu, Ti, TiW, 
TiN, and W. 

24. The electrically programmable antifuse element of 
claim 20 Wherein said antifuse layer is formed from a 
hydrogenated amorphous silicon ?lm. 

25. The electrically programmable antifuse element of 
claim 20 Wherein said antifuse layer is formed from an 
amorphous silicon ?lm. 

26. The electrically programmable antifuse element of 
claim 20 Wherein said antifuse layer is formed from a 
polycrystalline silicon ?lm. 

27. The electrically programmable antifuse element of 
claim 20 Wherein said antifuse layer is formed from a 
?uorinated amorphous silicon ?lm. 

28. The electrically programmable antifuse element of 
claim 24 Wherein said antifuse layer is doped. 

29. The electrically programmable antifuse element of 
claim 25 Wherein said antifuse layer is doped. 

30. The electrically programmable antifuse element of 
claim 26 Wherein said antifuse layer is doped. 

31. The electrically programmable antifuse element of 
claim 24 Wherein said hydrogenated amorphous silicon layer 
has a thickness of from about 300 angstroms to 5,000 
angstroms. 

32. The electrically programmable antifuse element of 
claim 25 Wherein said amorphous silicon layer has a thick 
ness of from about 300 angstroms to 5,000 angstroms. 
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33. The electrically programmable antifuse element of 
claim 26 Wherein said polycrystalline silicon layer has a 
thickness of from about 300 angstroms to 5,000 angstroms. 

34. The electrically programmable antifuse element of 
claim 24 Wherein the hydrogen content of said hydrogenated 
amorphous silicon layer is in the range of from about 
5—40%. 

35. The electrically programmable antifuse element of 
claim 24 Wherein the hydrogen content of said hydrogenated 10 
amorphous silicon layer is about 10%. 

16 
36. The electrically programmable antifuse element of 

claim 21 Wherein said adhesion-promoting layer is formed 
from a material selected from the group containing Ti, TiN, 
and TiW. 

37. The electrically programmable antifuse element of 
claim 20 Wherein said second dielectric layer is thicker than 
said ?rst dielectric layer. 

38. The electrically programmable antifuse element of 
claim 20 Wherein said second dielectric layer is thinner than 
said ?rst dielectric layer. 

* * * * * 
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